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One of the important aspects in preliminary design is to make their products perform well without any
imperfections when it spread out in the market. Therefore, we need to evaluate the products with the same
kinds of products from many aspects. These evaluations can regard as multi-objective design optimization,
and most likely scalar methods are used, such as the weighted sum method. In these methods, it is quite
important to give optimal weight for each objective function, so that it fits with preference of the designers.
Moreover, these optimal weights give us an important information of the improvements of design quantita-
tively. In this paper, we use data envelopment analysis (DEA), which can derive total evaluation and optimal
weights from given datum from the products in the same kinds. Hence, we can derive the amount of
improvement needed compared with the other products. To examine the effectiveness of the proposed
method, we collect data of Ministry of Land, Infrastructure and Transport Government of Japan in 2002 and
evaluate many child-seats. From the results, we could clarify a part of child seat, which should be improved,
and showed its effectiveness through its considerations.
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　ある o番目の分析対象（以下， oDMU と略記する)の
効率値 θ を測定する際に本論文では， C C R





















0oθ − ≥x Xλ (2)




0oθ − ≥x Xλ (6)









　ここでθ は o 番目の oDMU の効率を表し， 1θ = のと
き，D効率的であり， 1θ < のときは，非効率的である
と言われる．XとYはそれぞれ，入力データおよび出
力データを集めたマトリックスであり， ox と oy は o番
目の oDMU の入力データおよび出力データである．ま





xs ， ys を用いて，
0o xθ − − =x Xλ s (9)
0o y− + =y Yλ s (10)
と等式制約条件に変形し，線形計画法で効率値を求め
ることになるが， 1θ = であり，かつスラック変数が
0x y= =s s (11)
となる分析対象を効率的であると言う．



































が一定」ということは，生産可能集合に属する ( , )x y に
対して， k倍（ 0k ≠ ）した ( , )k kx y も生産可能集合に属
することである．実際， ( , )k kx y を式（1）～（4）に代
入すれば，CCRモデルは
minθ → (14)
0ok kθ − ≥x Xλ (15)





変動 ( , )k kx y による効率の変動を考慮せず，現存する
データに基づき凸集合を作成するためである．
　2.2　改善案の提示　評価項目の改善の変更量は，
効率値θ とスラック変数 xs ， ys を用いて求めることが
できる．現在の出力値を出来る限り保ちつつ，入力値
を減少させたい場合は，
o o xθ= −x x s (18)














































BCCθ ， BCCxs ， BCCys とし，CC Rモデルでの効率値とス




o xθ= −x x s (22)
max
BCC BCC
o xθ= −x x s (23)
となる．ここで minx と maxx はそれぞれ入力データに対
して，最大限改善する値と最低限改善する値を示す．
そして， o番目の分析対象の入力データ ox は





o y= +y y s (25)
max
CCR
o y= +y y s (26)
となる．ここで， miny と maxy はそれぞれ，最低限改善
する値と最大限改善する値を示す． o 番目の分析対象
の出力データ oy は






　3 . 3 　現状値と目標値の差がない評価項目につい
て　複数の製品に対して両モデルを併用し，現状値と
目標値の差がない評価項目について考える．例えば，
























































Child seat (I)Cost (O)Front crash test (O)Manual (O)Display (O)Mechanism (O)Fitting (O)Fixing
A 2.98 3 4.2 4.5 4 5 4.6
B 6.98 3 4 4.8 3.6 4.3 3.4
C 1.55 3 2.2 3.2 2 2.7 3
D 2.98 3 4.2 4.5 4 3.5 3
E 1.98 2 4.2 3.8 4.3 5 3.8
F 4.28 3 4.7 4.8 4.7 5 4.6
G 6.5 3 4.2 5 3.8 4.8 4.4
H 8.98 3 2.7 2.7 2.6 3 3.2
I 3.6 3 4.3 3 3.7 5 4.6
Table 1 Data based on child seat assessment
Displacement of head 
when crash happens Acceleration at head
Acceleration at chestDamage of attachment 
for child seat 
Fig.2 Front crash test items of child seat
Table 2 Current and target status by CCR and BCC model
A Current status Target by CCR Target by BCC
Cost 2.98 2.4 2.98
Front crash test 3 3.5 3
Manual 4.2 4.2 4.2
Display 4.5 4.8 4.5
Mechanism 4 4.1 4
Fitting 5 5.0 5
Fixing 4.6 4.6 4.6
B Current status Target by CCR Target by BCC
Cost 6.98 2.4 4.28
Front crash test 3 3.8 3
Manual 4 4.0 4.7
Display 4.8 4.8 4.8
Mechanism 3.6 3.8 4.7
Fitting 4.3 4.8 5
Fixing 3.4 4.6 4.6
C Current status Target by CCR Target by BCC
Cost 1.55 1.6 1.55
Front crash test 3 3.1 3
Manual 2.2 2.2 2.2
Display 3.2 3.2 3.2
Mechanism 2 2.0 2
Fitting 2.7 2.7 2.7
Fixing 3 3.0 3
D Current status Target by CCR Target by BCC
Cost 2.98 2.3 2.98
Front crash test 3 3.1 3
Manual 4.2 4.2 4.2
Display 4.5 4.5 4.5
Mechanism 4 4.2 4
Fitting 3.5 5.0 5
Fixing 3 4.4 4.6
E Current status Target by CCR Target by BCC
Cost 1.98 2.0 1.98
Front crash test 2 2.0 2
Manual 4.2 4.2 4.2
Display 3.8 3.8 3.8
Mechanism 4.3 4.3 4.3
Fitting 5 5.0 5
Fixing 3.8 3.8 3.8
F Current status Target by CCR Target by BCC
Cost 4.28 2.4 4.28
Front crash test 3 3.1 3
Manual 4.7 4.7 4.7
Display 4.8 4.8 4.8
Mechanism 4.7 4.7 4.7
Fitting 5 5.0 5
Fixing 4.6 4.7 4.6
G Current status Target by CCR Target by BCC
Cost 6.5 2.5 6.5
Front crash test 3 3.9 3
Manual 4.2 4.2 4.2
Display 5 5.0 5
Mechanism 3.8 4.0 3.8
Fitting 4.8 5.0 4.8
Fixing 4.4 4.8 4.4
H Current status Target by CCR Target by BCC
Cost 8.98 1.7 1.979
Front crash test 3 3.0 3
Manual 2.7 2.8 2.8
Display 2.7 3.5 3.59
Mechanism 2.6 2.6 2.6
Fitting 3 3.3 3.39
Fixing 3.2 3.4 3.48
I Current status Target by CCR Target by BCC
Cost 3.6 2.4 3.24
Front crash test 3 3.4 3
Manual 4.3 4.3 4.3
Display 3 4.7 4.56
Mechanism 3.7 4.2 4.14
Fitting 5 5.0 5




























Fig.3 Some fix manners of child seat
(a) 2-point fix (b) 3-point fix


























































































Table 3 Items and range of improvement
A Minimum Maximum
Cost 2.4 2.98












Front crash test 3 3.1
D Minimum Maximum
Cost 2.3 2.98
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Table 4 Result by diffrent front crash test score
Child seat Current Status Target by CCR Target by BCC
A 4 4.92 4
B 4 5 4
C 4 4.1 4
D 4 4.41 4
E 3 3 3
F 4 4.45 4
G 4 5 4
H 4 4 4
I 4 4.78 4
